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ecosystem model that describes C and N cycling in agricultural systems, and is recognized for its strengths in predicting C sequestration and greenhouse gas emissions. DNDC has been validated against numerous field data sets around the world (Frolking et al. 1998; Xu et al. 2003; Saggar et al, 2007) and has been used to compare contrasting N management practices on C sequestration and net greenhouse gas exchange. The DNDC model is process based with three components; firstly there is a component which simulates soil climate and soil organic matter decomposition; secondly there are sub-models for nitrification, denitrification and fermentation which predict emissions of CO 2 , N 2 O and CH 4 emissions; and thirdly there is a crop growth sub-model that predicts annual yield. We used DNDC to simulate plantenvironment interactions for intensively managed semi-permanent grasslands. Inputs to the model are soil descriptions, crop physiology parameters, descriptions of farm management practices and daily weather data, where the inputs used were precipitation, maximum and minimum temperature. The inputs of fertilizer were based on recommended practice for silage production, and hence 96 kg N ha -1 was applied on the 26 March, 60 kg N ha -was applied on 8 June, and 50 kg N ha -was applied on 10 August. The 2 nd and 3 rd applications were after the grass had been cut for silage on 1 June and 5 August. Although the yields from each of the two cuts per year were recorded, we report here the analysis of total annual yields.
PALM
PALM ( shown to be more robust than the radiation capture and radiation-use efficiency approach used by other models (Stöckle et al. 2008) . Inputs to the model are weather data (daily precipitation, minimum and maximum daily temperature and solar radiation), soil and crop physiology parameters, and management control parameters. The accumulation of thermal time (growing degree days, GDD) controls crop phenological development and management events can be automated with timings set in relation to crop phenology. For this project, we used CropSyst to predict yield of spring barley. Sowing date was kept constant (15 th March), and the simulations set up so that the crop was not nitrogen limited. The period between the start of each year and sowing was fallow, but with representative management (ploughing, harrowing and fertiliser application) prior to sowing. Soil water content was set at field capacity for the particular soil at each grid square on the 1 st January each year.
Informing the models with soil data
Each of the 5km squares was intersected with the 1:250,000 National Soil Map of (Boorman et al. 1995; Gottschalk et al. 2010; Lilly et al. 2004) . The properties for the most extensive soil series under arable (or cultivated) land for each 5km square were then extracted from the SSKIB as follows.
• Texture: median percentage clay (<2 µm), silt (2-50 µm) and calculated sand (50-2000 µm) as (100-(Silt+Clay)).
• (Gottschalk, et al. 2010 ).
• Chemical properties; median pH, carbon [%] and nitrogen [%] (Lilly et al. 2004) .
If the square did not contain any arable land, the area classified as cultivated (LCS88 classes 5, 7, 90-93 and mosaic classes 353 & 453) was used instead.
